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Abstract:
Context: Shoulder external rotators are challenged eccentrically throughout the
deceleration phase of throwing which is thought to contribute to overuse injuries. In order
to evaluate the effectiveness of intervention programs as well as identify deficits, reliable
and responsive measures of isometric and eccentric shoulder external rotation are
necessary. Previously, isometric measures have primarily tested a single position and
eccentric measures have not been found to have high reliability. Objective: To examine
the between day reliability of multiple angle isometric and dynamic eccentric isokinetic
testing of shoulder external rotation. Design: Repeated measures Participants: 10
healthy subjects (age: 30 ± 12 years, height: 166 ± 13 cm, mass: 72 ± 10 kg) Main
Outcome Measures: Average isometric peak torque of shoulder external rotation at 7
angles was measured. From these values, the angle of isometric peak torque was
calculated. Dynamic eccentric average peak torque, average total work and average
angle of peak torque were measured. Results: Between day reliability was high for
average peak torque during isometric contractions at all angles (ICC ≥ 0.85) as well as
dynamic eccentric average peak torque (ICC ≥ 0.97) between days. The estimated angle
of isometric peak torque (ICC ≤ 0.65) was not highly reliable between days. The average
angle of peak torque from the eccentric testing produced inconsistent results. Average
total work of dynamic eccentric shoulder external rotation was found to be highly reliable
between days (ICC ≥ 0.97). Conclusion: Measures of force such as peak torque and
total work, in isometric and eccentric testing of the shoulder external rotator muscles can
be measured reliably between days and used to objectively evaluate shoulder strength
and identify changes when they occur. Angle measurements of peak torque could provide
insight into the mechanical properties of the posterior shoulder muscles but were found
to be inconsistent between days.
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Introduction
Shoulder pathology is one of the most common ailments in both the athletic and
general population1, 2. Whether due to work or sport related activity, there are often
imbalances in the shoulder musculature that can lead to maladaptive changes that can
become the primary source of pain3-5. The shoulder external rotators are challenged
eccentrically throughout the deceleration phase of throwing which is thought to contribute
to overuse injuries6. In a similar manner, repetitive selective training of the internal
rotators, such as what occurs during the swimming motion, has also been shown to result
in muscular imbalances in the shoulder and subsequently chronic shoulder pain3. In order
to evaluate the effectiveness of intervention programs as well as identify deficits, reliable
and responsive measures of isometric and eccentric shoulder external rotation are
necessary. Previously, isometric measures have been found to be reliable but have
primarily been tested in a single position that does not provide strength assessment
throughout the arc of motion. Concentric measures have also been found to be reliable
for assessing shoulder internal and external rotation7, 8. Eccentric measures, however,
have not been found to be consistently reliable9-11. This could be attributed to the
complexity and novelty of eccentric movements for many subjects during testing.
The purpose of this study was to examine the between day reliability of seven
isometric angles in order to estimate angle of peak torque. Further, to examine reliability
between days for dynamic eccentric isokinetic testing of shoulder external rotation. By
establishing reliable measures these procedures can be used to evaluate effectiveness
of intervention programs addressing shoulder external rotation. Determining the reliability
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for dynamic eccentric isokinetic testing is especially important to this study as this method
has been determined to be inconsistent in previous studies.
Methods
Ten participants volunteered for this study from a sample of convenience at a
university setting. (Age: 30 ± 12 years, Height: 166 ± 13 cm, Mass: 72 ± 10 kg). Subjects
were excluded from participation if they reported a history of shoulder or neck pathology,
previous shoulder or neck surgery, or shoulder or neck pain within the last 6 months.
Eligible subjects completed a Penn Shoulder Scale before testing to evaluate level of
shoulder function prior to participation in the study. The mean Penn Shoulder Score was
99 with a range (94-100) indicating participants demonstrated normal function at the onset
of the study. All subjects read and signed a University of Kentucky Institutional Review
Board approved informed consent prior to participation in the study.
This study was designed to establish that shoulder external rotation isometric
measures of average peak torque and an estimate of the isometric angle of peak torque,
using a second order polynomial, could be measured reliably between days. Additionally,
dynamic eccentric average peak torque (DEAPT), average total angular impulse, and
angle of peak torque were measured to determine the reliability of eccentric shoulder
external rotation measures across 3 weeks of testing. In total, 11 different measures were
used to establish the reliability of our testing procedures. Previous research9,

12

has

examined isometric peak torque in one or two positions but this study utilized 7 different
positions of isometric external rotation in addition to analyzing the estimated angle of
isometric peak torque, DEAPT, average total angular impulse and dynamic eccentric
angle of peak torque. The independent variable was time. The dependent measures are
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isometric external rotation average peak torque at 7 angles (ER 45°, 30°, 15°, 0°, IR 15°,
30°, 45°), estimated angle of isometric peak torque, DEAPT, average total angular
impulse, and average angle of peak torque.
Prior to each day of shoulder external rotation testing all participants completed a
warm-up of 3 shoulder stretches for the posterior and anterior shoulder musculature with
each stretch repeated twice for 30 seconds. Participants then warmed up with two active
arm

motions of

side-lying

external/internal

rotation

and

side-lying

horizontal

abduction/adduction without resistance for 1 minute each.
All shoulder strength testing was performed using an isokinetic dynamometer
(Cybex Norm, Ronkonkoma, NY). Participants were positioned in the scapular plane
neutral position while seated with their dominant shoulder in 60 of abduction and 30° of
horizontal adduction. (See Figures 1-2) This testing position is a slight modification from
the methods of previous studies9,

12.

The positions were confirmed with a universal

goniometer. Isometric testing was performed first and angle of testing was randomly
assigned using a random number generator within Microsoft Excel on each testing day to
minimize fatigue bias.
Isometric testing was completed in 7 different positions. In each position, subjects
performed one sub-maximal practice repetition for 3 seconds, rested for 20 seconds and
then performed two maximal repetitions for 3-seconds with a 60 second rest between
each trial13. Standardized verbal encouragement was given during isometric strength
testing to attempt to maximize the subject’s effort and strength potential14. Peak torque
values of the two contractions were averaged to represent an individual’s effort at each
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angle. The average torque at each angle was used for statistical analysis to determine
isometric reliability.
In addition to calculating the average torque, isometric data at each angle was
scatter plotted in Microsoft Excel for each trial. A second order polynomial regression line
was plotted and the angle of peak torque was estimated from this curve for both trials.
This method has been previously described by Butterfield et al15 to determine angle of
peak torque from isometric contractions in an animal model.
Dynamic eccentric shoulder external rotation data were collected in the same arm
position and through 55° of external rotation to 55° of internal rotation. The continuous
passive motion (CPM) mode was used for testing. The internal rotation velocity was set
at 60-1secfor internal rotation in which the subject was instructed to maximally contract
into external rotation just prior to initiation of internal rotation. The subject was instructed
to maximally resist internal rotation through the entire range of motion to evaluate
eccentric external rotation strength. The subject was instructed to relax their arm as it was
passively returned into external rotation by the device at 15-1sec to eliminate all concentric
activity. Subjects were allowed 3 practice trials to familiarize themselves with this novel
movement. After 3 minutes of rest, subjects performed 6 maximal efforts in a row with 7
seconds of recovery during the passive return to full external rotation between trials. The
middle 4 of the 6 trials were averaged and used in statistical analysis for DEAPT, average
total angular impulse and average angle of peak torque. Standardized verbal
encouragement was given for all eccentric testing14.
Subjects returned to the lab to collect the same data at 1 week from the initial
testing and again 2 weeks from the initial testing for a total of 3 tests. Three sessions
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were performed to investigate the potential effect of motor learning that can occur while
undergoing strength testing particularly for a novel task such as maximal eccentric
contractions. These data for the 3 sessions were used to establish reliability testing
between days 1-2 and 2-3. Independent intraclass correlation coefficients were used to
examine between day reliability for all dependent measures. Two-way random model
consistent with an ICC(2,k) was performed using SPSS version 22 (IBM, Armonk, NY)16
Results
Descriptive data for all 11 dependent measures is presented with means and
standard deviations in Table 1. Isometric shoulder external rotation average peak torque
proved to be a very reliable measure for all tested angles between days 1-2 and 2-3 (ICC
≥ 0.85). (See Table 2) The estimated angle of isometric peak torque calculated from the
isometric contractions at 7 angles was not reliable between days 1-2 (ICC = -0.003) but
had fair reliability between days 2-3 (ICC = 0.65). Dynamic eccentric average total angular
impulse and average peak torque were reliable between days 1-2 and 2-3 (See Table 2).
The average angle of peak torque measured from dynamic shoulder eccentric external
rotation had excellent reliability between days 1-2 (ICC = 0.93) but was fair between days
2-3 (ICC = 0.51).
Discussion
The results of this study demonstrated that measures of force in isometric shoulder
external rotation average peak torque, dynamic eccentric average peak torque and
dynamic eccentric average total angular impulse can be measured reliably between days.
However, the angle of peak torque predicted from 7 angles of isometric contractions and
average angle of peak torque during dynamic eccentric testing were found to have greater
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variability and were not consistent measures. The ability to consistently produce force in
external rotation is very good in shoulder external rotation however the findings of this
study suggest that in the general population of healthy shoulders the angle at which peak
torque can be produced is not well controlled in external rotation. Mean and peak torque
values are better and more reliable for measuring strength changes as opposed to using
angle measurements.
To the best of our knowledge, this is the first study to assess isometric shoulder
external rotation strength at multiple angles throughout the middle arc of shoulder range
of motion. Previous studies have determined that isometric shoulder external rotation can
be measured reliably at a single angle or a few positions. Malerba et al. reported ICC
values ≥ 0.81 for isometric external rotation at 20° and 60° of shoulder external rotation
using an isokinetic dynamometer with the arm positioned in 45° of abduction, 30° of
horizontal adduction, and 90° of elbow flexion which is similar to our current study9.
Similarly, MacDermid et al. reported an ICC=0.90 in their study when evaluating external
rotation using an isokinetic dynamometer at 0° of shoulder ER and the same arm
positioning as was used in Malerba’s study12. We tested 7 different angles in order to
estimate the isometric angle of peak torque15. This provides a more comprehensive
assessment of shoulder strength throughout the range of motion as well as a more
accurate portrayal of the mechanical properties of the muscles being tested. For this
reason, it was important to establish that isometric peak torque could be measured
reliably at each angle to accurately assess strength changes throughout the range of
motion.
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The results of this study demonstrated good test-retest reliability for isometric
shoulder external rotation peak torque at all 7 angles. The reliability of our study was
consistently high with low measurement error ranging from 0.9-2.5Nm at all angles
between days and generated values similar to previous studies, therefore we are
confident that with values of approximately 1.3 - 3.5Nm representing minimal detectable
change (MDC) that this testing procedure would be able to detect a change in strength
when one occurs. Measuring at multiple angles will help provide a more complete
representation of muscle function throughout the arc of motion and may allow us to
identify deficits in an injured population in the future.
The average total impulse and average peak torque for dynamic eccentric shoulder
external rotation were found to be reliable. While the results of previous studies are
inconsistent, our study revealed these measures of eccentric shoulder external rotation
can be measured reliably. Edouard et al.,11 demonstrated comparable ICC results to the
current study, ranging from 0.87-0.97. Utilizing similar testing methods however eccentric
testing was performed at a slower speed of 30°-1sec across 70 degrees of motion and
performed resistance in two directions. The slower speed of movement may have
improved consistency of torque output as the subjects had over 2 seconds of eccentric
resistance in both directions. Contrary to these results, Malerba et al.9 reported ICC
values for the between day reliability of eccentric average work and peak torque to be
equal to 0.58 and 0.44 respectively using a similar testing method as Edouard but at a
speed of 60°-1sec which is similar to the current study. However, Malerba et al., tested
subjects across painfree arcs of motion, not defined by the investigators which could
affected their reliability and torque outputs. These authors further speculated their low
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ICC values to the complexity of the eccentric testing and the subjects’ unfamiliarity with
the movement. We agree with this statement and in our study limited cognitive demand
by only testing eccentric external rotation. No other dynamic motions were tested which
may account for our higher reliability values for eccentric testing.
In the literature, total work and total impulse are used synonymously to define the
area under the curve. In Malerba’s study, total work was defined as the area under the
torque curves where work was equal to the magnitude of the force times the distance,
where the distance was the angular displacement of the limb. For our study, this same
measurement was termed total angular impulse to better represent the area under the
curve as the product of the torque applied by the subject multiplied by its time of
application (1/2 [torque at point A + torque at point B]*.01)17. These measurements of
work and angular impulse are comparable and vary only based on the units used for the
calculation. For the purpose of this study, time was used whereas Malerba used a unit of
distance to report the changes in torque. Malerba reported the measurement error was
equal to 26.3Nm*s with a minimal detectable change of 37.2Nm*s. While the SEM for
average peak torque was equal to 10.8Nm and MDC, 15.3Nm.
In addition to the high reliability values for dynamic eccentric average total angular
impulse and average peak torque, the results of our study also had relatively low
measurement error (SEM ≤ 2.0Nm*s) and minimal detectable change (MDC ≤ 2.8Nm*s).
The combination of these three variables contribute to the ability for these testing methods
to be used as a tool for evaluating subtle changes in shoulder external rotation strength,
particularly in the ability to see changes at any point throughout the range of motion.
Analyzing the average total angular impulse offers a more complete representation of the
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amount of effort throughout the entire arc of motion tested as opposed to the peak torque
that represents only a single point in the arc of motion during a dynamic eccentric testing.
By examining the total arc of motion, deficits and improvement can be readily identified
during testing and rehabilitation process.
As mentioned previously, studies have demonstrated that shoulder internal and
external rotation strength measurements are reliable when tested concentrically.
Mandalidis et al10 tested subjects using a Kincom II dynamometer in a similar testing
position to the one used in our current study. Across 60° of shoulder rotation, concentric
measures for all subjects’ mean peak and average moment produced ICC values greater
than 0.80 whereas ICC values for the eccentric measures were greater than 0.76. Our
study revealed ICC values ranging from 0.97-0.98 for dynamic eccentric peak torque and
average angular impulse. Although it is difficult to make direct comparisons between the
two studies as different outcome measures were used for each, it is important to
recognize the improved reliability of eccentric measures in the current study.
The average between day reliability for angle of peak torque during dynamic
eccentric shoulder external rotation was fair. When analyzing the results of Day 1 to Day
2, a high reliability value is reported (ICC=0.93). However, from Day 2 to Day 3, the
reliability is considerably lower (ICC=0.51) resulting in an average ICC=0.72. This
variability can be accounted for through analysis and recognition of outliers in the data.
When the single outlier is removed, the average ICC value improves to 0.88. In addition
to the removal of the outlier, it is important to note the great amount of variability present
in the angle measurements during isokinetic testing. Our study reported SEM values
ranging from 6.5-14.8° for this measurement. The use of human subjects also greatly
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increases the chances that external factors may contribute to the variability such as what
was observed in our study. Motivation and incentive can alter a subject’s performance on
maximal effort tests. We attempted to control for these factors by using standardized
verbal encouragement, which has been shown to improve performance.

14

Despite our

best efforts, it is possible that variations in these factors could influence each subject’s
performance during testing and consequently where the angle of peak torque occurs
dynamically.
Using the average torque values from the 7 angles of isometric testing, we were
able to calculate the predicted angle at which the shoulder external rotators would
generate the greatest force. This value, however, produced a poor reliability measure. It
is interesting to note the mechanical properties of the posterior shoulder musculature that
are demonstrated in the results of our study. Previous studies have found that muscles
are less capable of generating maximal forces at longer lengths. This has been well
established in the quadriceps muscle. In one study, Babault et al. found that the knee
extensor torque produced by human subjects during isometric maximal voluntary
contraction was significantly lower when the leg was close to full extension18. However,
in this study, we found that even at greater lengths the posterior shoulder muscles working
synergistically were able to maintain or continue generating an equal amount of force
(Figure 3). While the reliability of the predicted angle was poor, we believe this finding to
still be of great importance in assessing the mechanical properties of the posterior
shoulder muscles.
There are several limitations to this study. Our sample population consisted solely
of healthy subjects and testing was conducted on the dominant extremity only. Training
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status of each subject was also not identified as a determining factor for inclusion in the
study. It is unknown whether we would obtain similar results if the subject’s level of
training prior to the study was assessed. We measured shoulder external rotation not a
particular individual muscle such as infraspinatus or trapezius. Therefore we cannot
attribute performance to a specific muscle as the scapulohumeral and axioscapular
muscles work synergistically to perform shoulder external rotation. The small sample size
of this study also raises some concerns in the confidence of our results. Despite the small
sample size, especially in comparison to similar studies, further analysis of our data
determined there was no change in the ICC values when a single subject was removed.
In order to establish greater reliability, research is needed with an increased sample size.
In this study we have shown that isometric and dynamic eccentric average total
angular impulse and average peak torque can be measured reliably for shoulder external
rotation. Each of these measures were found to demonstrate low measurement error
indicating these measurement methods could effectively detect strength changes from
training or identify deficits when the occur. Fair reliability was demonstrated for the
average angle of peak torque during eccentric external rotation. While the estimated
angle of isometric peak torque demonstrated poor reliability, this measure has been used
by previous researcher19 to show the effects of eccentric training and could provide further
insight into the mechanical properties of the posterior shoulder muscles but caution
should be exercised in using this measure to evaluate change overtime due to
inconsistency of the measure in shoulder external rotation.
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Figure 1. Frontal View of Testing Set-Up

60°

Figure 2. Transverse View of Testing Set-Up

30°
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Figure 3. Force-Length Relationship of a Single Subject
25
y = -0.0006x2 + 0.0257x + 19.318
R² = 0.6099
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Graphic representation of isometric strength testing the 7 angles tested ranging from 45°ER 45°IR. 2nd order polynomial trend line was plotted to represent the torque generated across the
arc of motion. Arm position, in degrees of internal and external rotation, is plotted on the
horizontal axis while torque, in Newton-meters, is on the vertical axis.
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Table 1. Isometric and Eccentric Mean Values
Measure
ER 45° (Nm)
ER 30° (Nm)
ER 15° (Nm)
0° (Nm)
IR 15° (Nm)
IR 30° (Nm)
IR 45° (Nm)
Est. Angle of
Pk Torque
(°)

Day
SD Day 2
SD Day 3 SD
1
ISOMETRIC MEASURES
15.4 6.2
14.7
5.8
15.7 7.4
16.5 6.5
16.4
5.9
16.7 7.8
18.1 6.5
16.9
6.2
18.3 9.7
17.9 6.7
17.8
6.9
18.5 8.1
20.4 8.9
17.8
7.3
19.7 8.8
20.4 8.7
20.1
8.9
20.4 9.7
20.7 10.5
20.4
9.4
21.3 10.2
14.7 73.8

37.2 166.6

20.8 83.4

ECCENTRIC MEASURES
Peak Torque
(Nm)
Avg Angular
Impulse
(Nm*s)
Avg Angle of
Pk Torque (°)

22.9

8.0

22.8

7.4

23.8

8.6

32.1 11.9

31.8

11.0

34.1 12.9

-11.1 26.5

-5.0

24.0

-12.0 18.4

Abbreviations: SD, standard deviation; ER, external rotation; Nm, newton-meter; Est.
Angle of Pk Torque, estimated angle of peak torque; Avg Angular Impulse, average
angular impulse during eccentric contractions; Nm*s, newton-meter*second; Avg Angle
of Pk Torque, average angle of peak torque
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Table 2. Between Day Reliability Values of Isometric and Eccentric Shoulder External
Rotation
Measure

Day
ICC
SEM
ISOMETRIC MEASURES
1-2
0.92
1.7
ER 45° (Nm)
2-3
0.90
2.1
1-2
0.85
2.4
ER 30° (Nm)
2-3
0.91
2.0
1-2
0.96
1.3
ER 15° (Nm)
2-3
0.90
2.5
1-2
0.97
1.2
0° (Nm)
2-3
0.93
2.0
1-2
0.93
2.1
IR 15° (Nm)
2-3
0.95
1.8
1-2
0.99
0.9
IR 30° (Nm)
2-3
0.99
1.1
1-2
0.97
1.7
IR 45° (Nm)
2-3
0.97
1.7
Est. Angle Pk
1-2
-0.003
120.4
Torque (°)
2-3
0.65
73.9
ECCENTRIC MEASURES
Peak Torque
1-2
0.97
1.3
(Nm)
2-3
0.98
1.2
Avg Anglar
1-2
0.97
2.0
Impulse (Nm*s)
2-3
0.98
1.9
1-2
0.93
6.5
Avg Angle Pk
Torque (°)
2-3
0.51
14.8

MDC
2.4
3.0
3.4
2.8
1.8
3.5
1.7
2.9
3.0
2.6
1.3
1.6
2.5
2.4
170.2
104.6
1.8
1.7
2.8
2.7
9.2
20.9

Abbreviations: ICC, intraclass correlation coefficient; SEM, standard error of
measurement; MDC, minimal detectable change; ER, external rotation; IR, internal
rotation; Nm, newton-meter; Est. Angle Pk Torque, estimated angle of peak torque; Avg
Angular Impulse, average angular impulse; Nm*s, measure of angular impulse: newtonmeter*second; Avg Angle Pk Torque, average angle of peak torque

